Background: To measure Methicillin-resistant Staphylococcus aureus (MRSA) nasal colonization prevalence in household contacts of children with current community associated (CA)-MRSA infections (study group) in comparison with a group of household contacts of children without suspected Staphylococcus aureus infection (a control group). Methods: This is a cross sectional study. Cultures of the anterior nares were taken. Relatedness of isolated strains was tested using pulse field gel electrophoresis (PFGE). Results: The prevalence of MRSA colonization in the study group was significantly higher than in the control group (18/77 (23%) vs 3/77 (3.9%); p ≤ 0.001). The prevalence of SA colonization was 28/77 (36%) in the study group and 16/77 (21%) in the control group (p = 0.032). The prevalence of SA nasal colonization among patients was 6/24 (25%); one with methicillin-susceptible S. aureus (MSSA) and 5 with MRSA. In the study (patient) group, 14/24 (58%) families had at least one household member who was colonized with MRSA compared to 2/29 (6.9%) in the control group (p = 0.001). Of 69 total isolates tested by PFGE, 40 (58%) were related to USA300. Panton-Valetine leukocidin (PVL) genes were detected in 30/52 (58%) tested isolates. Among the families with ≥1 contact colonized with MRSA, similar PFGE profiles were found between the index patient and a contact in 10/14 families. Conclusions: Prevalence of asymptomatic nasal carriage of MRSA is higher among household contacts of patients with CA-MRSA disease than control group. Decolonizing such carriers may help prevent recurrent CA-MRSA infections.
Background
Community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA) infections are commonly recognized in persons without traditional risk factors, such as dialysis, intravenous permanent catheters, or intravenous drug abuse [1] [2] [3] [4] [5] . CA-MRSA is known to cause predominantly skin and soft-tissue infections, but can also cause other severe community associated infections like myositis, pyomyositis, osteomyelitis and bacteremia [6] [7] [8] [9] [10] . Furthermore, CA-MRSA infections tend to be recurrent. In one study, a recurrence rate of 15% was noted among adults [11] ; whereas children had recurrent infections of 12-28% based on data from two separate reports [12, 13] .
Studies have shown that colonization with MRSA often precedes infection [14, 15] . Ellis et al. reported that 38% of participants, who were initially colonized with CA-MRSA developed skin and soft tissue infection within the 8-10 weeks study period [16] . Further-more, the prevalence of colonization with CA-MRSA appears to be increasing in parallel to increasing infections [6] .
Despite limited data on intrafamilial transmission and nasal colonization of family members of patients with CA-MRSA infections [17] [18] [19] [20] [21] , some experts recommend identifying possible household carriers of S. aureus in order to decolonize them by using mupirocin nasal ointment [22] . Whether routine decolonization of all family contacts of patients with recurrent CA-MRSA skin infections is needed remains unclear. Studies have shown that family members can serve as reservoirs for MRSA and that transmission can occur between family members including young children [18, 19, 21] . However, the prevalence of colonization of family contacts of patients with active CA-MRSA infections is unclear and no controlled studies that included all contacts within families have been previously reported. In addition, molecular typing data from these familial MRSA transmissions is limited [19, 21] . Assessing the prevalence of colonization with CA-MRSA among family members of patients with CA-MRSA infections is needed in order to evaluate and implement prevention strategies. The purpose of our study was to investigate the prevalence of MRSA nasal colonization in household contacts of patients with CA-MRSA infections in comparison with household contacts of unaffected individuals in our community at large. In addition, we studied the relatedness of isolated strains using pulse field gel electrophoresis (PFGE).
Methods

Study design
This was a cross sectional study performed at Children's Hospital of Michigan (Detroit, MI). The study was approved by the Institutional Review Board at Wayne State University. Informed consent was obtained from all participants/legal guardians. The study group consisted of all household contacts of patients aged less than 21 years with CA-MRSA infections who were admitted to our hospital during the period October 1, 2007 to October 30, 2008. The control group consisted of patients without suspected staphylococcal infections admitted into our hospital and all their household contacts during the same time period. CA-MRSA infection was defined as infection caused by MRSA isolate cultured within 48 hours of admission. Participants in the study group were identified through prospective monitoring of the daily admission census and the culture results of the microbiology laboratory. For each patient with CA-MRSA infection enrolled, another patient of similar age without a suspected staphylococcal infection and not receiving antibiotics was identified and enrolled with all household contacts.
Exclusion criteria
In both study and control groups, families were excluded if a household contact had received, during the preceding 8 weeks prior to participation, either intranasal antibiotic ointment including mupirocin, or antistaphylococcal antibiotics including clindamycin, cephalexin, cefazolin, oxacillin, dicloxacillin, trimethoprim/sulfamethoxazole, linezolid or vancomycin. Furthermore, in the control group, we excluded patients who have suspected active S. aureus infection and those who have risk factors for health-care associated MRSA infection. These include patients with chronic medical problems such as diabetes, kidney failure, or malignancy, and patients with frequent hospitalizations. Patients who have a family member known to have history of recurrent (≥2 episodes) or active skin or soft tissue infections were excluded from the control group.
Data collection
After obtaining the appropriate consent, guardians of each study subject were interviewed by a study investigator. Data collected, included age, gender, ethnicity, the primary job of the working household member, any history of recent hospitalization, surgery, dialysis, a permanent indwelling catheter or percutaneous medical device, a positive culture for MRSA prior to this infection, history of recurrent soft tissue infection, antibiotic use, residence in a long -term care facility within the previous 12 months for patients and household contacts, sport or gym participation and volunteer time at a health related facility or day care center. Antibiotic susceptibility results of the all CA-MRSA isolates were also recorded. Based on recent published data [21] , we hypothesized that the prevalence of CA-MRSA nasal colonization will be 20% in the household contacts of the CA-MRSA infected patients and 5% in the control group. Based upon this proportional effect size difference a sample size of 76 subjects in each study group would provide power of 80.5% with alpha set at 0.05, two-tailed. Sample Power Version 2.0 was used to calculate the sample size.
Statistics
A non-parametric Fisher's Exact test was used to examine the difference in colonization rates between household members of patients with CA-MRSA infection and those in the control group. All statistical procedures were conducted using SPSS Version 15.0. To examine possible predictor variables of patients with CA-MRSA infections, as opposed to those patients who do not have the infection, a series of univariate and multivariate tests were conducted.
Laboratory investigation
Using moistened double cotton swabs [(BBL Culture-Swab Collection and Transport System; Becton, Dickinson and Company, Spark, MD, USA)], cultures were obtained from both anterior nares of each participant. For children with CA-MRSA infections, nasal swabs were obtained soon after identification of culture results from primary site of infection; all had received at least 48 hrs of antibiotic therapy prior to obtaining cultures. Staphylococcus aureus strain identification and antibiotic susceptibility testing were performed using standard laboratory procedures, including colonial morphology, gram stain, catalase test, tube coagulase test of citrated rabbit plasma, and the biochemical reactions in the Microscan Walk-Away (W. Sacramento CA, USA). DNA was extracted from MRSA (infective and nasal) isolates using UltraClean Microbial DNA isolation kit (Mo Bio laboratories, Solana Beach, Calif.). The multiplex PCR for mec element type assignment was performed according to the protocol developed by Oliveira et al. [23] . Detection of PVL genes, LukS-PV and LukF-PV was performed by PCR using primers described by Lina et al. [24] . S. aureus isolates were evaluated in Pulse Field Gel Electrophoresis (PFGE) using SmaIdigested DNA, as described previously [25] . Gels were run at 6 V/cm, 14°C, at an included angle of 120°, on a 1.2% agarose gel with pulse times of 5-35 sec for 21 hrs and strain relatedness was determined by visual inspection of the gel using the criteria of Tenover et al. [26] , and dice's coefficient using BioNumerics Software (Version 4.6, Applied Maths, Saint-Martens-Latem, Belgium).
Results
During the study period, families of 45 children younger than 21 years with CA-MRSA infection were approached. Only 24 families with a total of 77 household members available for screening were enrolled in the study group. The remaining families were excluded either because not all household members were available, or they refused to participate. Of the 24 patients with CA-MRSA infections, 15 had skin and soft tissue infection (SSTI), 4 had bone and joint infections, 3 had cervical lymphadenitis/abscess, one had chronic suppurative otitis media (CSOM) and one had spinal epidural abscess. Two of these patients were bacteremic, one with osteomyelitis and the other one with SSTI. In the control group, 31 families were approached. Only 29 families with a total of 77 household contacts were enrolled. Two families refused to participate ( Figure 1 ). The mean size of the family members was 3.3 with standard deviation (SD) of 2.13 (Range 2-12) and 2.6 with SD of 1.02 (Range 2-6) in the study group and the control group, respectively (p > 0.5).
Demographics and the characteristics of household contacts in both groups are shown in Table 1 . The mean age of patients in the study group was 4.47 yrs compared to 5.67 yrs in the control group (p = 0.656). The mean age of household contacts was 22.64 yrs in the study group compared to 26.20 yrs in the control group (p = 0.124). There were more African Americans in the control group than the study group (p = 0.001). Household contacts in both groups were similar with regard to history of eczema, history of antibiotic use in the preceding 6 months, or contact with a health care worker. Household contacts in the study group were more likely to report a history of sharing towels or having contact with someone with a history of IV drug abuse, incarceration, or homelessness ( Table 1) .
The prevalence of nasal colonization with MRSA was significantly higher (p ≤ 0.001) in the household contacts of the study group (18/77 or 23%) versus the control group (3/77 or 3.9%). S. aureus nasal colonization was detected in 6 of 24 (25%) CA-MRSA index patients; of those 5 were MRSA. The prevalence of nasal colonization with S. aureus was 28/77 (36%) in the household contacts of the study group versus 16/77 (21%) in the control group (p = 0.032). In the study group, all contacts from 7 families were tested negative for staphylococcal nasal colonization. The prevalence of nasal colonization with methicillin-susceptible S. aureus was similar between household contacts in both groups: 10/ 77 (13%) in the study group versus 13/77 (16.9%) in the control group. When comparing families of the two groups, 14/24 (58%) families in the study group had at least one household member nasally colonized with CA-MRSA compared to 2/29 (6.9%) in the control group (p ≤ 0.001).
Because of these differences between the household contacts of the study and control groups (Table 1) , multivariate regression analysis was used to assess whether MRSA colonization was independent of these demographic variables. Non African-American ethnicity was predictive of being colonized with MRSA with OR 0.20 [95% CI 0.042-0.998], p = 0.05. The other variables including sharing towels or being in contact with a person with a risk factor were not predictive of MRSA colonization. In addition, in our study population, the following criteria were not predictive of MRSA colonization in household contacts: age, gender, history of prior SSTI, history of using public pool or parks, sharing clothes or brushes, contact with health care worker, history of use of antibiotic in the last 6 months, and owning a pet.
Twenty four clinical isolates from 24 patients of the study group were available for SCCmec typing and the detection of PVL genes. Three of these isolates were PVL negative and SCCmec II, typically associated with HA-MRSA infections. However, none of the patients presented traditional risk factors for HA-MRSA. The remaining 21 had SCCmec IV, typically seen in patients with CA-MRSA infections and were PVL-positive. When comparing the SCCmec typing within the families having at least one individual colonized with MRSA, household members shared the same SCCmec type as the index case in 13/14 families. Pulse Field Gel Electrophoresis (PFGE) was used to evaluate the clonal distribution of total of 69 isolates. Based on a dice's coefficient cutoff value of 75%, we identified seven lineage clusters that could be related to the seven USA types. Of those isolates, 40 (58%) were related to USA300, nine were related to USA200, six related to USA300/700, five related to USA600, five related to USA800, two to USA100, and one of each to USA400, USA500. We were not able to relate one MSSA isolate to any of the seven lineage groups identified. Of the MRSA isolates recovered from sites of infection, 22/24 were USA300; one was USA300/700 (from patient with CSOM) and the other was not available for typing. The DNA macrorestriction profile analysis demonstrated that the SA isolates that were recovered from sites of infection were similar to those recovered from the anterior nares in 5/6 CA-MRSA patients. Among the families with at least one household contact colonized with MRSA, similar pulsovars were found between the index patient and at least one household contact in 10/14 families (USA300 in 9 families and USA300/700 in one family). Among these 14 families, USA300 was detected in 13/14 (93%) families. The frequency of USA300 isolates from family members of both groups is shown in Figure 1 . The Only 1/16 SA isolates typed USA300 in the control group. Of all tested isolates, PVL genes detected in 30/52 (58%).
Discussion
Our results demonstrated that colonization with S. aureus was significantly higher among MRSA patients' contacts (36%) compared to contacts of patients without S. aureus suspected infections (21%) (p = 0.032), but comparable to S. aureus nasal carriage in the US population (32.4%) reported in 2001-2002 survey [27] . The study also showed that the prevalence of MRSA colonization was significantly higher in the patients' contacts group (23%) than the control group (3%) (p < 0.001) during the same study period; and also higher than previously reported rate in the general population (0.8%) [27] . All together, these results suggest an increased prevalence of MRSA nasal colonization in the household contacts of patients with CA-MRSA infections. The prevalence of nasal colonization among all household contacts of children with CA-MRSA infections in the United States has not been previously reported. To our knowledge, the present study is the first age-matched simultaneous patient-control study done in the pediatric population.
In contrast to the CA-MRSA colonization, we found no significant difference in MSSA colonization between the two groups (p > 0.1). The source of most CA-MRSA infections in children is not always evident. Potential sources include contact sports, sharing towels, clothes or brushes, contact with the health care system or even owning a pet [28, 29] . In our study, we have not found any specific risk factor that was predictive of MRSA colonization. The recent increase of invasive disease due to specific CA-MRSA strains such as the USA300 clone suggests that the risk of infection may be related to increased colonization among contacts in certain communities [30] . Nasal colonization with CA-MRSA in particular is associated with increased risk of developing invasive disease including skin and soft tissue infections [14] [15] [16] . This risk appears to be higher with CA-MRSA than MSSA [14] [15] [16] .
Data on household contact colonization prevalence and transmission is scarce. Few studies demonstrated that family members can serve as reservoirs of CA-MRSA [18, 19] . A study in Taiwan reported that 30 (25%) of 121 household contacts of children with CA-MRSA infections were colonized with CA-MRSA [31] . In addition, 94% of the colonization isolates were indistinguishable from the clinical isolates by pulse field gel electrophoresis (PFGE) suggesting a high association between colonization and infection. However, only 64% of the colonization isolates from the family contacts were indistinguishable from the clinical isolates by PFGE and only one third had distinct clones, suggesting that not all colonizing isolates are related to the index case. This study was limited by lack of inclusion of all household contacts in the screening process. In a study of nasal colonization with CA-MRSA among patients and their family contacts, Zafar et al. found that 41% of patients and 20% of household members were colonized with MRSA [21] . However, most of these patients were adults with SSTI. In addition, the study was limited by the small number of subjects and also by not including all household contacts in the colonization screening.
Studies have demonstrated the prevalence of different genotypes among contacts of patients with CA-MRSA [21, 31] . In our study, direct spread between family contacts cannot completely explain the increased colonization of MRSA as different strain lineages were isolated among some of our study group families. Taken all together, data suggest that multiple strains of MRSA may prevail in a certain family or household. Recognition that family members may serve as reservoirs for MRSA raises important issues for infection control.
Our study displays some limitations. It was a single pediatric tertiary care center study that enrolled only hospitalized patients. In addition, the lack of screening for S. aureus colonization at other sites such as oropharynx, rectum and skin folds may have underestimated the true rates of colonization among patients and contacts. The follow up time between participating families was variable which might have affected the results as some individuals might be chronic carriers of MRSA while others carry it intermittently. In our study, non African-American ethnicity was predictive of being colonized with MRSA with OR of 0.20 [95% CI 0.042-0.998], p = 0.05. Because the contact (study) group included more non-African Americans, some caution should be exercised in the interpretation of the results. However, the study demonstrated the increased prevalence in MRSA nasal colonization in patients' contacts compared to age-matched controls. Although the conclusions based on this data were statistically significant, a larger set of data will strengthen these findings.
Studying the prevalence of CA-MRSA among family members of patients will help implement new prevention strategies. Our study revealed that 58% of the families of patients with CA-MRSA infections had at least one family member nasally colonized with CA-MRSA, compared to 4% in the control group (p ≤ 0.001). Thus, advice about personal/hand hygiene and environmental decontamination should be emphasized. In addition, consideration may be given to implement decolonization with topical mupirocin ointment to the anterior nares. Because of the concerns about development of resistance with increase in mupirocin use, screening of family contacts and selective decolonization may be a reasonable approach. Whether such measure will be effective for infants and young children is not clear. A study of MRSA carriage in children at a day care center suggested that throat and perianal colonization was higher than that of the nose [10] . Thus, further studies including larger number of patients and screening of colonization at different sites including the rectum, pharynx and axilla will be needed to identify how effective different decolonization measures will be. Whether nasal decolonization alone, decolonization using systemic antibiotics or a combination of both will be most effective is yet to be determined.
Conclusion
This study showed that nasal carriage of MRSA was present in one-fourth of household contacts of children with CA-MRSA infections. Additionally, among families who had at least one household contact positive for CA-MRSA, 71.4% of those families had individuals colonized by isolates belonging to the same cluster as determined by PFGE, suggesting interfamilial transmission. This high rate of colonization and transmission may provide a rationale for more studies to investigate whether decolonization of the family contacts would be an effective control measure in preventing recurrent SSTI.
